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ABSTRACT 


Waterflooding tests were carried out on unconsoli- 
dated sands packed in stainless steel coreholders to 
investigate the relationship between oil recovery and a 
scaling number which is the ratio of viscous to capillary 
forces. The cores were approximately 4 ft. (1.34 m) long 
ana Were ors two: diameters:..4..4n. .L0.26.cm) and. 2°in. 
(5.08 cm). The permeability of the cores varied between 8 
and 16 darcies and the porosity was constant at about 363%. 
A completely new sandpack was used for each waterflood run 
performed. 

The main parameter studied was the rate of injection 
which was varied between 2.5 and 800 cc/hr. Two oils were 
used; “thevtarst a. Dow) Corning.2.00-fduidn500.c. s.)wandy the 
second a Wainwright crude oil (1080 c.s.). Ail runs were 
performed in the presence of an initial water saturation 
in the core. 

Both oils exhibited rate sensitive breakthrough 
recoveries. With the Dow Corning fluid the recovery 
showed a decrease in breakthrough recovery as injection 
rate was increased whereas with the Wainwright crude oil 
breakthrough recovery increased with increasing injection 
rate. Completely different mechanisms were postulated to 


explain the seemingly contradictory results. 
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A region of non-Darcy flow was found to exist at 
high displacement rates but could not be used to explain 
the trend in observed breakthrough recoveries. Fingering 
in the core at the flood front would explain the decrease 
in breakthrough recovery with increasing rate of injection 
Observed in the tests with Dow Corning fluid. For the 
Wainwright crude oil, water-in-oil emulsions were formed 
in-situ and this emulsification provided a five-fold in- 
crease in breakthrough recovery from very low rates to very 
high rates. 

Mixing associated with increasing rates produced the 
emulsions which resulted in the increase in recovery; how- 
ever, these rates were very much higher than field condi- 
tions would allow. 

Emulsion stability appeared to correlate with the 
amount of recovery and this stability appears to be related 
to either the absolute permeability or to the amount of 


initial water present in the core. 
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LSegtNTRODUCTION 


Waterflooding is the oldest of the enhanced recovery 
methods having been discovered by accident in 1865. It is 
still the most important of the secondary recovery methods 
in terms of oil produced and in the Province of Alberta 
over 80% of the oil recovered by enhanced recovery methods 
is by waterflood. Because of its popularity a colossal 
amount of literature is available on the subject. Many 
contradictions exist in this literature. 

One of the most controversial parameters in a water- 
flood design is the rate of injection. Many researchers 


See ne) report increasing breakthrough recovery with 


increasing rate, while others report stabilized recovery? '?® 


Sree LAD B OAR LAE: 


and others report decreasing recoveries with 


increasing rate of injection. The phenomenon of viscous 


Fingering has been investigated by many researchers /'>'/'+9) 


eee including some from the Department of Mineral 
Engineering at the University of Alberta. Low viscosity 
to medium viscosity oils have been used in these studies. 
As production of heavy crude oil becomes more economical 
high viscosity crudes should be investigated with particu- 
lar reference to waterflood behavior. Since the economics 


of waterflooding has been proven in many conventional 


light oil reservoirs it may well be applied with some 
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success to heavier oil reservoirs. 

The aim of this work was to examine the behavior of 
Viscous O11 “(7 Jeviwatnwridhci crude o1lv=— 1000 ¢c:s.)'. 
Also an attempt was made to obtain laboratory data free of 
ehanging Initzalzconditrons such as rising anitial water 


Saruractxzons from run .cO_run. 
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II. BACKGROUND 


Engelberts and Klinkenberg?® coined the term "viscous 
fingering" from observations of their experimental work in 
1951. They visually observed gross water channeling at 
high water injection rates in water-wet systems leading to 
severe decreases in breakthrough recoveries. The fingers 
in their system were attributed to instabilities developing 
in the transition zone separating the injection water from 
the undisplaced oil. They were able to correlate their 
results by the use of the scaling group "I" which is a 


ratio of viscous to capillary forces in the core. 


I = ails (1) 
oVK 
LV] Uratlo orn viscous to capillary forces 
(dimensionless) 
L = length of sand pack (cm) 
a viscosity Sevens in system (cp) 
o = interfacial tension (dynes/cm) 
K = absolute permeability of sand pack (om?) 
VY =" velocity of the front (cm/s) 


Rapoport and beasos and Kyte and Rapoport~* show that 


the scaling group 2 controls the “wength of “the capi itary 
transition zone in the system. As the value of the scaling 


group decreases this transition zone increases. The 
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transition zone referred to here is the frontal region 
between the initial water saturation and the flood front 
Saturation (Swe). As the scaling group increases the 
flood becomes stabilized (i.e. the capillary transition 
zone does not change with time) and the recovery becomes 
insensitive to further rate increases. At highly unfav- 
ourable viscosity ratios they did observe a decrease in 
recovery as rate was increased but they attributed this 
to an inlet end effect. 

Geertsma et eran examined all the variables relevant 
to waterflooding and developed a more general dimensionless 
scaling group which they called the Leverett number (L,). 


12 


L, is tthe *ratio#gen tcanpul Lary sto. viscous forces in the core. 
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where: 


@ Y=) wetting angle of fluid interface 
(dimensionless) 


porosity (dimensionless) 


or 
II 


The scaling Groupe) wiiora simplification of 7this group 
and may be used if the wettability conditions and porosity 
are held constant. 

In 1957 van Meurs and van der Pesiaae using an ideal- 
ized representation of viscous fingers, developed a math- 


ematical description of waterflooding involving viscous 
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fingering. Wiborg?? presented this theory in detail in 
his thesis in an attempt to predict the results of his 
experimental studies. 

Chouke et ies in 1958 derived a theoretical descrip- 
tion for viscous fingering by formulating an equation for 


the peak to peak separation of the fingers. 


Pi Bieter (3) 
oF = the average wave length (peak to peak) (cm) 
K = absolute permeability (cm?) 
V = superficial velocity (cm/sec) 
fo) = interfacial tension (dynes/cm) 
ee ee Oil and water viscosity (poise) 
C = CHOUKE constant (dimensionless) 


(different for each system) 


The constant C was introduced to allow for the fact that 
the effective interfacial tension in a porous medium con- 
taining connate water will be somewhat greater than that 
measured in the laboratory on a planar surface. They 
assumed that this effective interfacial tension would be 
directly proportional to the measured interfacial tension, 
hence the constant C. 

They also related this average wavelength to a 


critical wavelength which is the smallest wavelength pos- 


sible at the onset of fingering. 
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A = Dy 3 (4) 


cr ™m 


where: r critical wavelength 


At the onset of fingering the critical wavelength must 

equal the model width, D, or hor/P ct eS WK g ie) og apy Ryley & 

wavelength for the system adds a third requirement for 

instability because capillary forces have been considered 

in Chouke's analysis. The three conditions necessary for 

instability are: 

1. A velocity greater than some critical velocity defined 
for the system. 

2. An adverse mobility ratio. 

3. The system must contain modes of wavelengths greater 


than the critical wavelength of the system. 


By uSing the fact that at the onset of fingering the crit- 
ical wavelength must be the same size as the model width 
an expression for C for the particular system may be ob- 


tained. 


Ce hie ee 653) 


By solving Equationm(werttor) co. and ‘substituting into 


Equationd(5)),) weroptaim Guin terms/otytche sealing group. “1”. 
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Chouke* also states that additional scaling is needed 
if viscous fingering is present in the system and suggests 
that the group [\,,/D] * be the same in the model and the 
prototype. However, he identifies three cases found in 
laboratory floods and states that for two of the cases the 


additional scaling rule may be dropped. 


Case 1) h/? << 1 here a large number of fingers are 
present and Chouke suggests that produc- 
tion is independent of rate. 

Case 2) d,/P >> 1 here the peak to peak distance is larger 
than the width of the model and the be- 
havior is then like that of a stable 
displacement. 

Case 3) A/D ~ 1] here the finger spacing is approximately 
equal to the canal width and the produc- 
tion behavior could be affected. When 
this condition is met the additional 
scaling parameter [1,,/D1* is needed and 
should be the same in the model and the 
prototype. 

Kloepfer!* in 1975, observed the effect of rate on 


the displacement efficiency at favourable and unfavourable 
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Viscosity ratios. He found no decrease in breakthrough 
recovery as the rate was increased when the viscosity of 

the displacing phase was greater than that of the displaced 
phase. He did notice a decrease in recovery at unfavour- 
able viscosity ratios as the rate of injection was increased. 

There were problems in interpreting the data for the 
viscosity ratio (uo /u,) of 6.4 since the wettability of the 
sand pack appeared to be changing as the flood series pro- 
gressed. To prepare the core for a new flood a displacement, 
with oil, was conducted until initial conditions were estab- 
lished without cleaning between the runs. According to 
Kloepfer** this substantial period of time from the start to 
the finish of a series may have allowed polar type components 
in the crude oil to adsorb on the sand surface. A decrease 
in breakthrough recovery was noted in the runs that were 
considered to be water-wet and no decrease was noted in the 
runs considered to be neutral or oil-wet. 

Wiborg’*, in 1976, studied the effect of injection 
rate at more adverse viscosity ratios. He used three oils 
with viscosities varying from 14 to 110 centipoise. The 
results indicated a decrease in breakthrough recovery as 
the rate of injection was increased for all three oils. 


oa attributed this decrease in recovery to fingering 


Wiborg 
within the core. With one of his oils the recovery in- 


creased again as the rate of injection was increased to 


very high values. For this oil Wiborg?> observed water-in 
oil emulsions being produced from the core at these very 
high rates. 

A major problem encountered by Wiborg*> was a con- 
tinually rising initial water saturation. His initial 
water saturations varied from 10-15% at the start to 25-30% 
at the end of his series of runs for two of his oils. For 
his third oil, a Dow Corning fluid, the initial water sat- 
uration was relatively constant from run to run. Wiborg** 
noted that when resaturating with this Dow Corning fluid 
he would have to stop injection when the initial water 
saturation was in the proper range to avoid a decreasing 
initial water saturation from run to run. This might be 
explained by a change in wetting characteristics within 
the core. The core pack was changing from water-wet to 


Oil-wet. Oil-wet systems typically exhibit lower connate 


water saturations than similar systems that are water-wet. 


my 


~_ 
pom 


, , i + 
ar 7 ; 
y, 
ee pr! > i 
- 
Nie ‘ . as 
Wy , ve fel . ; 
his { i 
1. 
che? aioe baal f oe : * 
vd \demeet ‘gh 48 Bit 


U 


y 
x e ow 
. a 4 fe 
«a ? ' cae } 
Sow r 
j 
i . : is 
od F " 
= | . , 
+. { ; 
i . aa r 
‘ i 
ae ft + 7 : 
Cs rae Bo 
P 
% . | 
ul 
> " . 
Adi ; j . 
. - eee! 
é 
i 
ee > : . 7 
A . be “Ai ay - 
‘ 
| > 
* r ’ ' | 


III. EXPERIMENTAL EQUIPMENT AND MATERIALS 


A. EQUIPMENT 


The coreholders used for this set of displacement 
tests were made of stainless steel and of the same design 
as those used by Wiborg?>. The majority of runs were per- 
formed using the 2 inch inside diameter coreholder and 
considerably fewer runs were made using a 4 inch inside 
diameter coreholder. Both coreholders yielded sand packs 
of approximately 107 cm in length depending on the amount 
of sand added in the packing process. The endcaps and core- 
holders are described in detail by Wiborg*> and the design 
specifications are also contained in his thesis. 

Whereas Wiberg? used only a 200 mesh screen to pre- 
vent the sand from plugging the radial and concentric 
grooves in the endcap face, this set of experiments was 
performed using a 400 mesh screen clamped to the endcap 
and a double-200 mesh screen was also placed between the 
400 mesh screen and the sand. It was thought that this 
would help to allow the injection water to reach the sand 
face more uniformly and make the physical inlet end effect 
very small. The double-200 mesh screen acts as an addi- 
tional spreader plate to aid the grooves in the injection 


head face. 
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A schematic diagram of the displacement equipment 
is shown in Figure 1. Mercury was injected into the fluid 
bombs by a constant rate Ruska pump which displaced fluid 
out of the bomb and into the core. This procedure was fol- 
lowed so that the pump did not have to be cleaned with 
every change from oil to water or water to oil; the bombs 
could simply be drained and refilled. Mercury was the only 
substance in contact with the pump. All fluid lines were 
made of high pressure stainless steel tubing. 

When a packed core was ready to be waterflooded it 
was placed on an automatic rotating device which in the 
case of the 2 inch diameter cores rotated the core one 
revolution per hour. The purpose of the rotator was to 
eliminate the effect of gravity in the core and try and 
prevent a water tongue from forming along the bottom of 
the coreholder. This rotating of the core necessitated 
the introduction of the high pressure swivel head at the 
upstream end of the core. 

The produced fluids simply dropped from the down- 
stream end of the core into 50 ml graduated centrifuge 
tubes. The centrifuge tubes were in a circular holder 
which held 24 tubes and this holder was connected to a 
motor and a timing device made it possible to select a 
time interval for each tube. When the timer was used the 
collector would automatically switch to the next tube when 


the set time had expired. For example, if a time of 5 
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minutes was chosen, an empty tube would be rotated into 
place under the end of the core every 5 minutes. A small 
centrifuge was used to centrifuge all production to ensure 
complete separation of the phases after varsol had been 
added. 

A Heise gauge or mercury manometer, depending upon 
the magnitude of the pressure drop expected, was used to 
obtain the pressure drop across the core. 

The viscosity profiles shown in Appendix A were 
obtained using Cannon-Fenske viscometers in a liquid 
temperature bath to give the range of temperatures needed. 
The viscosity of water was taken from Perry and Chilton?’. 

Interfacial tensions were all measured with a Du Nouy 


tensiometer and the values reported are actually arithmetic 


averages of a series of tests for each pair of fluids. 


B.  ocAND 


The sand used for all runs was Fisher Scientific 
silica t(S—L5¢e2 This) sand shad) a*gqrain size, "range of's0=-120 
mesh and no further sieving was performed. The sand was 
used as purchased, except for heating it to POCO See Gad 
it of any organics that may have been present on the sur- 


face of the sand grains. 
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Co ee LUIDS 


Distilled water was used as connate water and 
displacing water in all experimental runs. 

Two Oils were chosen for this group of tests. . The 
first, +. a; Dow Cornings 200.fluid,.had.a,viscosity. ofa 500.c.s. 
ate 702F (21.41°.C)\. wel Disa Shar Silicones base oisle which 
exhibits a rather flat viscosity-temperature profile, a low 
surface tension and a low vapor pressure. In short the 
properties of the fluid are quite stable and will not change 
greatly from run to run. However, from personal communic- 
ation with Dr. Bentsen, some experimental measurements 
indicate that Dow Corning fluids deteriorate with age and 
possibly are dilatant. As a consequence these fluids may 
exhibit dilatant rather than Newtonian behavior. 

The second oil chosen for this series was a Wainwright 
crude oil which contained about 6% water "as received" from 
the field. By applying heat and a vacuum at the same time 
the water was removed from the oil. The tests were run 
using this water free crude, which had a viscosity of 1080 
Caswiaty, OES 

A summary of some fluid properties is available in 


Appendix A. 
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IV. EXPERIMENTAL PROCEDURE 


A. PACKING: OF THE CORES 


The silica sand used for all runs was placed in an 
oven at) 1000°F (538°C). for asminimumof 48 hours to burn 
off any organics that may have been on the sand grain sur- 
faces. Imbibition tests carried out by Wiborg’? indicate 
that this procedure makes this type of sand water-wet. 
When the sand had been "fired" in the above manner it was 
then ready to be packed into a core holder. One endcap 
was installed on the coreholder with the screens in place 
and it was then strapped to a bench, capped end down, 
after making note of the end cap length and volume. Mech- 
anical vibrators operated by compressed air were affixed 
to the vertical core holder. Sand was added to the core- 
holder and the weight of any sand added was recorded. The 
grain volume could be estimated from its weight knowing 
the density of silica sand as 2.65 gm/cc. The pore volume 
was then calculated. The vibrators were left on at night 
(periods of 8-10 hours) until no more subsidence took place. 
This usually took 3-4 nights with the sand level being 
"topped up" each day. Blows with a rubber hammer also 
helped settle the sand. The upper endcap was installed 
with the screens and then the overall length of the core- 


holder was established, including the endcaps. The total 
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length minus the two endcap lengths yielded the sandpack 


length. 


B. SATURATING THE PACKED CORE 


The packed core was then attached to a vacuum pump 
and the core evacuated until the absolute pressure within 
the coreholder was 1-2 mm of mercury. The core was then 
placed in a vertical position and saturated with deaerated 
distilled water. The water was deaerated beforehand by 
drawing a vacuum on the water for 2-3 hours. The vertical 
position of the core is important for the simple reason 
that if any vapor does come off this water as it is intro- 
duced to the evacuated core it will be easier to extract 
out of the system in this position. Also no air will be 
trapped in the upper section of the core as could happen 
when the cores were saturated in the horizontal position. 

When pressure started to build in the system the 
outlet valve was opened slightly to allow water to pass 
through into a graduated cylinder. This outlet valve was 
controlled so that a pressure of 60-70 psig was maintained 
on the system until at least one pore volume was flowed 
through. It was hoped that this procedure would put any 
vapor back into solution or at least make vapor bubbles, 
if any, in the core small enough to be displaced out of the 


system. . The resulting core would be completely liquid 
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filled. The pump reading gave the total amount injected 
and the ejected fluid was measured, with the difference 
being the pore volume after allowing for the volume of the 
endcaps and fittings. These pore volumes, from the mater- 
ial balance when compared to the pore volumes established 
by using the weight and density of the sand, were consist- 
ently within 2% of each other. 

Water was flowed through the core and the pressure 
drops were noted for a number of different rates and these 
were used to calculate an absolute permeability for the 
sandpack. A complete table of sandpack properties can be 
found in the next chapter. The reported permeability is 
the arithmetic average of a number of tests conducted on 
each core. 

Oil was forced downward through the core displacing 
water out of the lower end. A volumetric balance was kept 
on the oil and water ejected and the respective initial 
saturations could then be calculated. The oil injection 
rate into the 2 inch cores, for the Dow Corning fluid, was 
100 cc/hr. For the Wainwright crude oil injection was 
maintained at 80 cc/hr because of its greater viscosity. 
To account for a change in diameter the injection rate into 
the 4-inch core was 400 cc/hr. In the case of the smaller 
diameter cores approximately 1000 cc's of oil were injected. 


It was found that very little water was produced after the 


iN oi mc: : ue ives a, F) 7 
H ay - 7 AG 7 ; oh is 7 " nan ue : : ; 
} cone a ¢ RMA ad : ut ‘ i 2 D a 


Dr ee Cle Lae 
Nae | ae neers 4 7 » 
ee ast uA eH a panes 
Papa yr aul a ere ae es 

ahs emir manu Div? ane 


Piet ree 
a109 ester 
i ned oF een meee 


HSE ie I 
Ot Ma 
’ 


Baoan) Phe 
ek ne 
ie ee 


° 


eee Bae ‘aidgabiwe ae i 
Bo Tone tis) We ae @ 

oueegag act’ Sis! Sx0D ei: inapot ‘bobo.le bw x36 
avas, Bas eo 32% SAS SiG Bry, senitee s ‘yok haxton ety e 


ant So 2 yt ltd sant 385 i uted. ss, ey og tone 


fi me it 


a SS PRET AOK fa! ee 


& 


af 2 te fase eg batioge™ oer Bhi get Pa no 


g>\ PepboAdas asag ? itch ‘veuitdn 30) acbipve ie 


Mion ida sb. a> et i pup ais See tee ek we Li 
. ; T ac / wary ; i 
- ; Fah ay 8 : ere ; ¥ . in it 
tqe Sw sons led: Or toemobovie ris ew t late 3 20 ipo i M 


Lstside evs sGegget) sce Bis (HO Se (5 baie fi iio! sam 

* ~ . e | « P : ; | ; me i 
Ci ios: £26 aay Pare ane Sc Gari bieioh ‘sockniniai 
‘ ; f t : a) a 

° . ai 3 i aM 

Bew. YoOeu Ee? ocr xa wen? $3 a4 Hoey Meeon dat agit, Osteh a hate 

i Hi \ ne an 


i} y 
: , a 


Saw OL -bexe frie: | te Shirre ibe a, ods ha. aN 
hie . ee . al bee he 

wwiteoseiy radeery ad iy nie Fite vccteatta Mia Se 48 3 a8 Bele 
. 7 ia it ‘ or Aes 


Gtnt ager feo 3 a bt ont eyronntn > Th PPIaTD e xt in 


ye bat 


‘ 
aha 
i 


abo, ang! int mn O08 or “> ote : 
RAP Bee ng CaS ahah 
PA Paes, etew has 36 a 30) ano vie deine servis song apee 


j PO : : hay 


aris reyes ‘aoonnbidg aeW 28988 oii 
rit tty, AY Rat 
u : ie . i \ ; t ye Hf 
yeet Hh) | " Phy cr hoa upd 
J m i} ? hi 3 Bs | 


oil broke through at the lower end of the core. The 
pressure drop across the core was also noted at this 
point so that an effective permeability to oil at initial 


water saturation could be calculated. 


C. DISPLACEMENT TESTS 


The core was now at initial conditions and ready for 
a waterflood to begin. The coreholder was placed on the 
automatic rotating device which was in a horizontal position 
for this set of experiments. The automatic collection de- 
vice containing the centrifuge tubes was placed in position 
at the pues end of the core and the pressure gauge was 
connected in at the upstream end of the core. The selected 
injection rate was obtained by choosing the correct gear 
ratios on the Ruska pump, and the flood was started. At con- 
venient intervals, the volumes of produced oil and water were 
recorded, as well as the pressure drop, the amount injected 
and the time. The flood was continued usually until about 
3 or 4 pore volumes had been injected. The runs were con- 
tinued until very little more oil was produced and this 
point was then used to obtain tee at SO... 

When the run had been completed the coreholder was 
completely cleaned and washed and then repacked with new 


sand and the procedure repeated. 
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V. DISCUSSION OF RESULTS 


A. SANDPACK PROPERTIES 


A completely new sandpack was packed for each exper- 
imental run and the sand was not reused. This procedure 
should result in a more uniform wettability for the system 
and provide support for the fact that decreases in recovery 
with rate are simply not wettability changes. By packing 
a new core for each run much more time was consummed per 
run than during a simple resaturation procedure. However, 
if the core properties can be reproduced within reason, 
the results should be able to be interpreted with much 
more confidence. Table 1 lists the sandpack properties 
from run to run for the entire set. A "200" series was 
completed using two inch 0O.D. coreholders with slightly 
different I.D.'s as can be noted from the cross-sectional 
areas and a "400" series consisting of four tests was 
Carried out onja four inchsO.D. corehelder. The sandpack 
lengths are very uniform averaging 107.47 cm and these 
variations in length are caused by a slightly different 
amount of sand being added in the packing process from 
runito run. The porosity was very uniform as well, aver- 
aging 36.4%. The porosity of run 221 was a full 2% above 
this average. This run will be discussed Gater since it 


also exhibited an extremely low initial water saturation. 
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TABLE “2 


CORE PROPERTIES 


Sand - Fisher Scientic Silica (S-151) 
80-120 mesh 


- completely new sandpack for each run. 


Cross 
Sectional Sandpack Absolute 
Area Length Porosity Permeability 
Run # (en) (cm) (%) (Darcies) 
201 Og 32 LOTS 15 3645 15.40 
202 Lowe MOT oS hues, L234 
203 LO a3c 108.61 36,37 16439 
204 ease WO ie dS Sie? US RAS) 
205 19.032 L0:7,;. 75 36.20 8.43 
206 T3200 TOP 23h SOc. gels 
S04 194432 LO. h2 3628 8.54 
208 19732 106.92 Sy} Sn8) A See pe 
209 L9.40)1. LO7,. 8a 35 &5 8.66 
210 Ve Re | 72 107.04 36.0 12.45 
Pre. es yee | LO 29 36% 5 12.64 
oi IS os LO ee 12 36.3 £200 
23 Too LOW 502 Bie 10.34 
214 Uwe Ais 2 LO 2 30'.2 8.56 
215 195532 TOT 0 2555 S233 
216 TsO LOGs.52 Lis 8.17 
207 LO aS MOK 2 S650 9.42 
208 58 es 1.0 8:02 Cts ge) 9.66 
PGS 19% 32 LOA ow Chae! LL.43 
220 On 32 LOE 2c Sets 2a Sie 
Lak CSS Oy 2000 38.4 Jepatts) 
40} 74.36 LOWs.A'2 Bal 20 16.46 
402 74.36 Od 534 Spit 18.28 
403 TAgesb 10730 3-1 ijt Je 3-3 
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There was much more scatter in the permeability from run 
POT uneasy can, berseen.in Table, 1..2iItewas feltsathat. these 
changes in permeability were due to slightly different 
average grain sizes in the different shipments of sand and 
Since the sand was used just as it was supplied these 
grain size inconsistencies appeared to have affected the 
sandpacks from run to run. It is recommended that in the 
future, shipments of sand be sieved to a narrower grain 
size range before being used in displacement experiments 
to try and obtain a more reproducible permeability. 

The dimensionless scaling coefficient that was used 
in this work to scale the results contains the permeability 
as a parameter and therefore these changes should not 
affect the interpretation of results unless a change of 
displacement mechanism takes place due to this change in 


permeability. 


Boe fF BUTD PROPERTIES 


The fluid properties for the Dow Corning 200 exper- 
iments (runs 201-209 plus 401-404) were very consistent 
and the viscosity can be considered to be constant for the 
entire set of experiments. A temperature fluctuation of a 
few degrees made some difference in the Wainwright crude 


oil viscosity as can be seen from the properties listed in 
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Table 2. However, these fluctuations in viscosity do not 
appear to be great enough to have affected the displacement 
tests significantly if runs 215 and 216 are examined 

(see Table 2). These two sandpacks exhibit very close to 
the same porosity and permeability and the difference in 
displacement rates is not great (100 cc/hr and 80 cc/hr, 
respectively). However, the difference in oil viscosities 
between the two runs is close to the maximum variation for 
the entire series (821 cp and 1028 cp, respectively) yet 


the recovery is identical at breakthrough being 23.8% I.0.1.P. 


C. DISPLACEMENT TESTS WITH DOW CORNING 


A summary of the displacement test data appears in 
Table 2. Individual recovery curves for each run can be 
found in Appendix B and tabulated recovery data for each run 
can be found in Appendix D. 

From Table 2, the water saturations for the Dow Corn- 
ing runs can be seen to be relatively constant, ranging from 
9.7% to 12.5% over the series and. averaging just.over 1132. 
The problem that tsetse had with rising water saturations 
does not occur in these tests. Two possible reasons for 
the elimination of this problem are: 

1. With a new sandpack for each run any material balance 


errors are not carried forward to the next run. 
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2. Possible wettability changes are eliminated from run to 
run because the oil is not in contact with the rock for 
long periods oftime as is the case if numerous runs are 


conducted on the same sandpack. 


Material balance problems are present although they were not 
severe over the course of a run. By scanning some of the 
tabulated data in Appendix D, it can be seen in some runs 
that the average saturation (material balance calculation) 
sometimes decreases for one step and then continues to in- 
crease. As we inject water and produce oil and water this 
saturation calculation should always be increasing until 
the ultimate oil recovery is reached, so a decrease in this 
average saturation column indicates a slight material bai- 
ance error. In the case of Wiborg*> this cause of error 
should not be great since most of his runs were terminated 
just past breakthrough. However, in this set of experiments 
production was continued far past breakthrough and in some 
runs, possibly one hundred centrifuge tubes would have to 
be read and the errors could build over this length of 
time. This should not cause serious problems if the mat- 
erial balance is only kept Tor one run. 

The problem of wettability changes in unaged cores 
is a major one if more than one run is to be made on the 
same sandpack. The Dow Corning fluid is especially bother- 


some in this respect. It was found that a short period of 
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aging (about 15 days) reversed the wettability of the sand- 
pack from water-wet to oil-wet. Run 401 was saturated and 
then left for about 15 days before the displacement exper- 
iment was run. When this point was plotted on Figure 2 it 
was very anomalous with respect to the rest of the data. 

be themrecovery curve of run 401 is compared with the curve 
of 402 (Figures B-22 and B-23, respectively) it can be seen 
that run 401 behaves quite differently from the other runs. 
The breakthrough recovery is very low and the subordinate 
recovery subsequent to breakthrough almost equals the 
breakthrough recovery. This is not characteristic of 
water-wet systems. Water-wet systems are characterized 

by a late breakthrough recovery with a very flat subordinate 
production history. All of the other curves with Dow Corn- 
ing at low rates show the latter type of behavior and 

these were interpreted to be water-wet. 

Further to this argument on wettability changes a 
study was carried out on the used sand from one of the 
tests. The used sand from the Dow Corning fluid runs was 
soaked in recommended solvents andthen steamed and rinsed 
in soap and water in an attempt to see if it could be 
cleaned. A simple bench imbibition test showed that the 
used sand would not imbibe any water, whereas before it was 


used it would imbibe water spontaneously. 
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The experimental results involving Dow Corning fluid 
are presented in Figure 2. The plot represents breakthrough 
recovery versus the scaling coefficient “I". The rate of 
injection was changed to vary the scaling coefficient. As 
the rate was increased a decrease was observed in the 
breakthrough recovery of some 10% of the oil in place. The 
experimental data were correlated by the use of the dimen- 
sionmless: "1" \functvoniwhieh isa-simpblitication (of iGeertsmat s 
(Lt) function as explained earlier. Run 401 is anomalous 
when compared to the other data and was discussed previously. 

The value of "I" was increased by increasing the rate 
of injection and holding the other parameters relatively 
constant. Although the data in the two inch core tends to 
be scattered at lower rates a general trend of decreasing 
recovery can be seen. This decrease in recovery has been 
attributed to viscous fingering within the core. From 
Equation (3), for the average peak to peak distance be- 
tween fingers, an increasing displacement velocity and an 
increasing viscosity difference both decrease the distance 
between fingers, A. Because of ‘the large injection rates 
and large viscosity difference employed in this study the 
peak to peak distance of fingers should be very small. 

Tt is interesting to note that the recovery from run 
401 (at breakthrough), which was considered to be oil-wet, 


is very close to the recovery for the two four inch core 
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runs at high rates. This can be explained if the work of 
Raza et Saye is examined. If the different displacement 
characteristics are studied in Figures 3 and 4 (reproduced 
from reference 19), a fundamental difference between 
waterflooding in an oil-wet and a water-wet system can be 
seen. In Figure 3, where the rock is water-wet, the in- 
vading water prefers to advance along the walls of the 
pores and likes the smaller pores as well, since the capil- 
lary forces are higher. When the end of a pore is reached 
the water cusps in at the outlet and traps a droplet of 
oil in the pore. In an oil-wet system (Figure 4) the water 
prefers to stay away from the solid surface and moves up 
the center of the larger pores thereby breaking through 
much earlier than in the water-wet case. It seems plaus- 
ible that if water were injected into a water-wet core 

at a very high rate the water would not have time to im- 
bibe around the edges of pores or into the smaller pores. 
The ata forces at high rates would not be as import- 
ant, thus imbibition into these smaller pores would prob- 
ably not be accomplished before breakthrough. The path 

of least resistance would be followed in this case, right 
up the center of the pores. In this case, although the 
system is water-wet it behaves as though it were oil-wet 
for the first part of the flood. The water advances up 


the center of the pores at first like a flood in an oil-wet 
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DISPLACEMENT OF OIL 


OIL 


water 


DISPLACEMENT OF OIL 


BY 


WATER (water-wet sand, @=0°) FIG. 3. 


OIL 


water water 
BY WATER (oil-wet sand, 6=180°) FIG. 4. 
ROCK GRAIN WATER 


-taken from Raza et. al. (19.) 
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system. As the flood progresses, the system has more time 
to imbibe water into any smaller pores that were bypassed 
prior to breakthrough. So in the later stages of the flood, 
imbibition around the smaller corners of the pores is tak- 
ing place as in a flood in a water-wet system. It should 
be mentioned that the wettability has not reversed, the 
system is only acting oil-wet at first. Craig® states 

that at high rates of displacement wettability character- 
istics do not have time to manifest themselves which is in 
agreement with the preceding explanation. 

Capillary end effects can be ruled out as an explan- 
ation for the decrease in breakthrough recovery observed. 
Because of the long system used and the large viscosity 
ratios used in this study capillary forces should be very 
small compared to the viscous forces. Rapoport and weasa” 
show that the end effect diminishes as the rate of injection 
is increased. They also show that capillary forces decrease 
as the rate is increased until some stabilized value is 
reached. After some rate was exceeded they found the recov- 
ery was constant because of this stabilization of capillary 
forces in the flood front. At higher viscosity ratios they 
did observe a decrease in recovery but explained it as an 
inlet end effect. Because of the design of the end caps of 
the coreholders for this study and the size and length of 


the system these end effects are very small and would not 
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account for the 10% decrease in breakthrough recovery. 

In Figure 5 the recoveries at water to oil ratios of 
6 and 20 have been plotted versus the scaling group "I". 
The characteristic decline of the breakthrough recovery 
curve observed in Figure 2 was not observed. Only a very 
slight decrease, if any, can be seen at WOR = 6. The 
recovery at WOR = 20 is constant with no decrease observed. 

This indicates that rate of injection is only affect- 
ing the recovery early in the life of the flood and as the 
flood progresses the effect of rate on recovery disappears. 

In waterflooding a water-wet system the residual oil 
is trapped as globules in a discontinuous state (Figure 3), 
resulting in a small amount of subordinate production. 
Therefore, a low breakthrough recovery should result in a 
low ultimate recovery. From Figure 5 it is apparent that 
this is not the case. However, if the water flowed up the 
center of the pores at high rates of injection, at water 
breakthrough the remaining oil is left in a continuous 
state around the sand grains (Figure 4). As subsequent 
injection takes place the water has more time to imbibe 
around the sand grains. Substantial subordinate production 
could occur resulting in the same ultimate recovery as 


observed at low rates. 
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D. DARCY LAW CROSS-PLOTS 


Following a suggestion of Bentsen“ a simple cross- 
plot using Darcy's Law was constructed for the two and 
four inch cores with Dow Corning fluid. If the injection 
rate, Q, is plotted versus the pressure drop, Ap, for the 
same average saturation in the core a straight line with 
slope, KA/uL, should result. The permeability, K, is con- 
sidered to be a\function of saturation tonly, so if the oO 
and Ap values are taken at the same value of W, (dimension- 
less pore volumes injected) the average saturation should 
be comparable from run to run. If there is nothing affect- 
ing the behavior other than saturation, then these plots 
should be straight lines. 

Figures 6 and 7 are the Darcy Law cross-plots. In 
these figures the rate of injection is plotted versus the 
pressure drop and points of equal volumes of water injected 
are joined. Each line then represents the same water sat- 
uration in the core at the different injection rates. 

From Figures 6 and 7 there appears to be two distinct 
regions on the plots. Darcy's Law holds until some 
"oritical" rate is exceeded at approximately 265 cc/hr and 
then the conductivity of the system continually decreases 
as rate in increased. 

Figure 6 is a plot of the data obtained from the two 


inch cores and Figure 7 is a plot from the four inch core 
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data. The slopes differ by nearly a factor of four between 
Figures 6 and 7 which is to be expected since the ratio 
of cross-sectional areas is nearly four. 

It was thought that these correlations might be used 
to explain the decrease in recovery in Figure 2. However, 
the break in the relationship does not correlate with the 
observed decrease in recoveries. The critical rate shown 
in Figures 6 and 7 is approximately 265 cc/hr. This rate 
corresponds to a scaling coefficient value of 0.3113 and 
is indicated by the arrow in Figure 2. Most of the decrease 
in recovery has already occurred before this change of 
conductivity takes place. It appears that this "critical" 
rate occurs very close to the rate where the breakthrough 
recovery levels off and becomes constant. At this point, 
according to Cuourea, there are numerous fingers in the 
system and recovery is independent of the scaling factor. 
Perhaps there is severe interference between the fingers 
after this point is surpassed so that the conductivity is 
continually decreasing and there is no effect of this de- 
crease of conductivity on recovery. A changing mobility 
ratio could have some affect on these correlations, however, 


there was no evidence that such a change was taking place. 
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E. RELATIVE PERMEABILITY CALCULATIONS 


In another attempt to see what changes occur from 
the low rates to the high rates of injection, the theory 
published by Johnson et Se to calculate relative perm- 
eabilities from the unsteady state displacement data, 
known as the external drive technique, was employed. A 
complete derivation can be found in Appendix C as well as 
the "curves" generated by these calculations. 

The values of relative permeabilities calculated by 
this technique are not considered reliable. Wild fluctua- 
tions appear that make fitting a curve through the points 
rather difficult. It was hoped that changes in the rela- 
tive permeability curves would provide some additional 
evidence to explain the decreasing recovery observed. How- 
ever, no conclusions could be drawn from these results. 

Archer and Wong suggest that the poor definition of 
permeability can be encountered in strongly water-wet 
homogeneous cores. These anomalous curve shapes may be 
associated with laboratory-observed water breakthrough 
occurring at a different time than actual water arrival at 


the down stream end of the core. 


F. CALCULATION OF THE CHOUKE CONSTNAT 


From Figure 2 the point of decrease in recovery on 


the curve corresponds to a scaling value of 0.015 and if 
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this value is used in Equation (6) the value of the Chouke 
constant (C) can be calculated. If C can be found for a 
system then a prediction as to where fingering begins can 
be made. 

There are two distinct sets of permeabilities present 
in the Dow Corning runs, one averaging 15.92 darcies and 
the other set averaging 8.3 darcies. For the 15.92 darcies 
set C was calculated to be 118 and for the 8.3 darcies set 
C was calculated to be 139. These are much higher values 
than those calculated by either Wiborg*> or Kloepfer?? and 
much lower than the value reported by Collins” (see Table 3). 

de Haan’ suggests that at low values of initial water 
saturation they obtained values of C around 100 which seems 
to fit well with the values found in this study. However, 
C is a constant only for one particular system. From 
Table 3, it is apparent that no generalizations can be 


made for assuming a value for C and calculating the point 


when fingering will begin in a system. 


G. CALCULATION USING THE van MEURS AND van der POEL THEORY 


23. 
The theory of van Meurs and van der Poel was cCOv- 


ered in detail by wiborg = The theory developed is based 
on an idealized picture of water fingers as shown in 
Figure 8. The areas occupied by the fingers and the areas 


occupied by the immobile oil and water can be stated in 
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IDEALIZED PICTURE OF WATER FINGERS 
SHOWING PROTRUSIONS AND OIL POCKETS 


WATER 
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TABLE. 3 


CALCULATION OF C 


Viscosity 
Researcher Ratio ‘€ 
Wiborg (CWO) 55 Dag ees 
(MCE >) 34.2 24.3 
(DOW CORNING) ais 4 39.4 
Kloepfer 6.4 64 
Collins 292 250) 
de Haan 4 & 25 30 
this study 533 118-139 
TABLE 4 


van MEURS RECOVERY CALCULATION (FRACTION P.V.) 
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terms of the saturations of these respective areas. 

- Area 1: represents the area outside the water fingers 
where oil flows unhindered. 

- Area 2: represents the center area of the fingers where 
the water flows unhindered. 

- Area 3: represents the area consisting of the edge 
zones of all the water fingers of the cross- 
section. In this area both water and oil are 


immobile. 


Area 1 can be represented by the difference between 
the oil saturation and the residual oil saturation (So-So_) 
OF with So + Sw = I> then Area i”™is equal~to i”= so —" Sw. 
Area 2 could be represented by the difference between the 
water saturation and the immobile water saturation in Area 
3 (Sw-Sw_). Using these relations and following the theory 
an expression for the breakthrough recovery is obtained 
where the recovery is expressed as a fraction of the pore 
volume. 


The breakthrough recovery is given by: 


and recovery after breakthrough is given by: 
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where 


Npy = breakthrough recovery (2 BV.) 

Np = recovery after breakthrough, (% P.V.) 
A = V(M-1)B Sw, + B 

B = l- SO, = Sw 

M ee abs 

W; = pore volumes injected 


The theory is developed with the assumption that 
fingers have already formed in the system and therefore 
this calculation should not be expected to predict the 
entire curve in Figure 2. It should only be expected that 
this theory would predict recoveries at the lower end of 
the curve where fingers are fully developed. To apply the 
theory a value for Swi must be found. A good first approx- 
imation would be to use the initial water saturation, and 
previous researchers have done this. However, if the 
fingers in Figure 8 are studied and if the fingers are con- 
Sidered to be without protrusions it can be seen that the 
value of immobile water in Area 3 is already Sw, . With pro- 
trusions from the water fingers, the value of Sw must be 
somewhat higher than Sw, 

van Meurs et Sapo found that the theory correlated 

best with their experimental data when SW ie Onno, VOR ethas 


study, first the calculation was performed using the value 
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OL Sw EOE Sw, and then another calculation was performed 
using Sw Oe Loe) vara loe fOr So. was obtained from run 
202 where 7.2 pore volumes had been injected. Using this 
value of So. and the two selected values of Sw. the calcu- 
lated performance for these two cases was compared with the 
experimental performance of run 205. Run 205 was one of 
the experiments conducted at higher displacement rates. 

ihe results of the) calculation are listed iniTable 4. 

The breakthrough recovery is within 1% of the experi- 
mental value when using Sw, = Sw, but the subsequent pro- 
duction history does not compare with the observed results. 
As the flood progressed the separation between experimental 
values and theoretical values increased. The theoretical 
values are compared with the experimental values in Figure 9. 
The subsequent recovery calculation produces a very flat 
profile as compared to the actual experimental data. From 
the calculations only about 8% of the pore volume is pro- 
duced after breakthrough up to a W; = 3.487 whereas the 
experimental results show 23.5% produced after breakthrough. 

For Sw = 0.15 the breakthrough recovery could not 
be predicted nor could the subsequent production history. 
The same flat recovery profile is predicted but the break- 
through recovery is too high and the subsequent production 
predicted is too low. 

Although the theory predicted the breakthrough recovery 


in the one case, the predicted recoveries after breakthrough 
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showed substantial error. Wiborg?? could only predict 

the breakthrough recovery for one of his three oils using 
this method. From Figure 9 it should be noted that the 
small increase in the breakthrough recovery was present 
for both assumptions of Sw: This very flat profile is 
characteristic of systems with low mobility ratios. Pos- 
Sibly their theory may be more applicable to systems which 


exhibit lower mobility ratios. 


H. DISPLACEMENT TESTS WITH WAINWRIGHT CRUDE OIL 


A second set of displacement experiments were run 
using a Wainwright crude oil in an attempt to observe the 
phenomenon of decreasing recovery for a more viscous crude 
Oils, The oil had been dewatered to remove about Ge, waten 
that was contained within the crude when obtained from the 
Srockstank. | 

The rates of displacement varied from 7.5 cc/hr to 
800 cc/hr, which was practically the same range that was 
studied using the Dow Corning fluid. A summary of the 
displacement test data appears as the lower one-half of 
Table 2 and the complete recovery histories are tabulated 
in Appendix D. The individual recovery history curves can 
be found in Appendix B. 

From Table 2 the oil viscosity can be seen to fluct- 


uate much more than the viscosity of the Dow Corning fluid, 
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but as was pointed out earlier in the discussion, the range 
of variation in this parameter does not seem to affect the 
results. 

In Figure 10 the breakthrough recoveries are plotted 
versus the scaling coefficient "I" for the Wainwright crude 
oil. Again the scaling coefficient was varied by increas- 
ing the rate of injection with other parameters being held 
constant. As the rate of injection was increased the 
breakthrough recoveries increased dramatically over the 
range of rates studied. The observed behavior was contrary 
to what was expected after having just observed the behav- 
ior of the Dow Corning fluid. However, this increase in 
recovery has been attributed to water-in-oil emulsions 
being formed in-situ. Microscope photographs of the emul- 
sions produced during run 220 can be seen in Figures ll 
and 12. 


Crude oil was produced until breakthrough of the 
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emulsion. Pure water did not breakthrough before the emulsion 


in any of the METAS # Once breakthrough of the emulsion had 
occurred all further oil production was in the form of this 
emulsion. Later in the life of the flood, pure water drops 
were produced between slugs of emulsion. The produced 
emulsion was found to contain 53.2% water by volume ina 
sample from one of the runs. The emulsion properties were 


not continuously monitored. 
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FIG. Il. Water-in-Oil Emulsion 
Produced Run 220. Mag. (400x) 
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FIG. 12. Water-in-Oil Emulsion 
Produced Run 220. Mag. (650x) 
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203 
Wiborg has also noted some emulsion formation in 
his experiments and stated two mechanisms which account for 


the increased recovery by emulsion formation: 


1. the viscosity ratio between the displacing front and 
the displaced oil decreases since the viscosity of the 
emulsion approaches that of the external phase, 

2. partial blocking of the paths of low resistance there- 


by leading to an improved pore volume sweep efficiency. 


Generally it was found that the stability of the 
emulsion increased asthe rate increased and as the perm- 
eability decreased. The emulsion produced from run 214 
appeared to be the hardest to break. Extra varsol and 
extra centrifuging was needed to separate the phases. The 
emulsion produced during runs 219 and 212 was not difficult 
to break. 

At low values of the scaling coefficient represented 
by runs. 210,. 211 and 213, the breakthrough recovery was 
constant. No emulsions were produced on these three runs. 
Emulsions were produced in all other runs and increased 
breakthrough recoveries were found on all these runs. Runs 
21479215, 216 and: 217° have the Lowest Ko; values (see 
Table 2) averaging around 8 Darcy. These runs appear to 
place an upper bound on the breakthrough recoveries as 


shown by the curve in Figure 10. This curve will be 
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referred to as the 8 Darcy curve. Data points that fall 
below this line are for cores which had larger permeabil- 
ities. 

If Table 2 is examined, a change in initial water 
saturations is noted. Runs 210 through 216 have initial 
water saturations averaging slightly greater than 9%. In 
runs 217 through 220 the initial water saturation was 
constant at a level near 7%. 

Run 221 shows a very low water saturation of 5.4% 
and earlier in the discussion it was noted that this core 
had a high porosity value compared with the other cores. 
It was felt that an error had been made in the porosity 
determination which would also affect the saturations. 
The results of this run cannot be interpreted with con- 
fidence. 

It should be noted that the recoveries for all runs 
that fall off the curve in Figure 10 have 7% initial water 
saturation present. Also those runs that fall off the 
curve have larger permeabilities than those that form the 
upper bound of the 8 Darcy curve in Figure 10. 

Either one of the following two conditions might 
explain the scattering of results: 

1. As the permeability increases the tortuosity of the 


flow paths decreases and the mixing action and shear 


stresses in the core are not as great and therefore a 
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less stable emulsion is formed. 

2. The higher water saturation could promote better mixing 
Since it has been shown that the connate water forms a 
bank in front of the injection water--. It is connate 
water which actually displaces the oil; therefore, if 
more connate water is available possibly a more stable 


emulsion might be formed. 


More tests under more controlled conditions are needed 
before a decision can be made on which mechanism is respon- 
sible for the emulsion stability. 

The data for the Wainwright crude oil were correlated 
in a Darcy Law cross-plot similar to that for the Dow Corn- 
ing fluid. These results are presented in Figure 13. Here 
the rate of injection is plotted versus the pressure drop 
across the system. If Darcy's Law is valid this should 
yield a straight line with the slope equal to the conduct- 
ance of the system. Each line represents a constant amount 
of water injected and therefore a constant saturation in 
the cores at the different rates studied. 

From Figure 13 there appears to be a straight line 
at low displacement rates. At a rate of approximately 
50 cc/hr the plots deviate from the straight line. This 
rate corresponds to the rate where emulsions were first 


noted in the system and the subsequent increase in recovery 
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The breaks in the relationships shown in Figure 13 
show that the conductance of the system seems to be erratic 
after the emulsions are formed. This might support the 
fact that emulsions are being formed in-situ and are affect- 
ing the conductance in this manner. This variation in 
conductance could also indicate that the emulsions are not 


uniform from core to. core. 
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VI. OBSERVATIONS AND CONCLUSIONS 


Based on the results of this study the following ob- 


servations and conclusions may be drawn: 


di. 


An increase in flooding velocity for tests on cores 
containing a synthetic Dow Corning fluid caused a 
decrease in breakthrough recovery of about 10%. 

A region of apparent non-Darcy flow was found in the 
Dow Corning system at injection rates greater than 
approximately 265 cc/hr. However, this did not explain 
the decrease in recovery noted with the Dow Corning 
fluid since most of the decrease was observed at lower 
races. 

Emulsion formation appears to be an extremely effective 
recovery mechanism. A five-fold increase in break- 
through recovery was noted for the Wainwright crude oil 
over the range of rates investigated. 

The stability of the emulsions formed appeared to be 
sensitive to either the permeability of the system or 
the amount of initial water saturation or both. 

The Dow Corning fluid initiated a wettability reversal 
in one core when the saturated core was aged for a 


period of 15 days. 
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Relative permeabilities calculated by the external 
drive technique appear to be unreliable. Wide fluctu- 
ations in the calculated data appear even when smooth- 


ing of the input data was performed. 


VII. RECOMMENDATIONS 


The sand used for displacement tests should either be 
sorted to narrower grain size range or a number of 
shipments thoroughly mixed so that the grain size for 
the entire series is more uniform. The sandpack prop- 
erties should then be reproducible. 

The permeability should be carefully controlled and a 
complete series of runs obtained for a number of differ- 
ent permeabilities to ascertain the nature of the 
sensitivity of erinteron formation to permeability. 

The idea of injecting a slug of emulsion and then water- 
flooding should be examined to improve sweep efficien- 
cies at lower more reasonable rates. 

Tests should be initiated on sandpacks that have more 
realistic field permeabilities to see what rates must 
be exceeded to produce emulsions under these conditions. 
A number of closely controlled tests with a number of 
permeabilities and a complete range of rates may lead to 
a correlation €or predicting this “critical® rate where 
non-Darcy flow starts. 

More detail must be obtained in the region where the 
flow changes to non-Darcy to determine if this is a 


transition region or a sharp break. 
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The idea that wetting conditions cannot manifest them- 
selves at high rates deserves to be examined more 

closely. Perhaps a complete series on similar systems 
except that one be oil-wet and one be water-wet would 


provide some clues. 
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NOMENCLATURE 


¥(M-1)B Sw. + B 

m 
L =""So" =) SW. 

x m 

CHOUKE constant (dimensionless) 
diameter of tube (cm) 
fraction of oil flowing from system 
fraction of water flowing from system 


gravitational constant 


LVU 
W 


oVK 


, QGimensionless group 


relative injectivity 


= Initial oll an place 


absolute permeability (darcy) 


effective permeability to oil (darcy) 


effective permeability to water (darcy) 


relative permeability to oil 


relative permeability to water 
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FLULDS: 


DOW CORNING 200 @ 74°F 
Interfacial tension - 34.04 dynes/cm 


density - 0.9691 gm/cc 


WAINWRIGHT CRUDE OIL @ 74°F 
Interfacial tension - 26.97 dynes/cm 


density - 0.9974 gm/cc 
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RECOVERY HISTORY CURVES 
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RELATIVE PERMEABILITY CALCULATIONS 


The method employed is an extension of the Welge“? 


method for finding the relative permeability ratios. It 
was presented by Johnson et ates 
Two conditions must be met before the method is 
applicable: 
(i) stabilized displacement 

(11) flow velocity is constant at all cross-sections. 
The first condition implies that the pressure drop across 
the core be large enough to negate any capillary end 
effects or ensure that the zone where capillary effects 
dominate is compressed to a small fraction of the pore 
Space. Implicit in the second condition is immiscible and 
incompressible fluids and a homogeneous and linear system. 


* 
Following the procedure of Leverett 


for the oil phase 


Ky OPO 
qm = Thx 1e GO, bi deVt 1C. (1) 
fe) 
and for the water phase 
KO oP 
a ; 2 
qe i ax gO. SAAN (2) 


atesany point ian “the core 


= Ga 
Fy Jo ay 


Neen eee aE 


* Leverett,.M.C.,..-Trans. AIME (1939) 7232). 49). 
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and Equations (1), (2) and (3) can be combined to obtain 


ae {x } 
Laer =~ - gho sin a 
fo = ow ss Me eo, MO ee 


W - q (3) 
Ee Ko u 
1 + 
Kw 
oP PAB a 
wees am OREe Ox (4) 
and Ap = plane 4 


for a horizontal system; sin a = sin 0=0 
and using the assumption that the pressure drop across the 
system is large enough to negate the capillary pressure 


gradient, the shortened form of the fractional flow 
equation is obtained; 


oP, 
as ax a 0 
Ko u “i 
IE = BE + 7 tad) 
a 1@) 
KO u = 
or EG =" |= ty hw WN aaa (6) 


* 
from Buckley and Leverett ; the material balance on a thin 
slice of the reservoir is 


of 
WO aeees 7/ 
Sura as t 0 (7) 


and since fo is a function of S only we may write 


ew, MOEA Gor (8) 


* Buckley, S.E. and Leverett, MiC., ~Pet. Tech... May, Lo4). 
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now by substituting Equation (8) into (7) 


as 
shis =. 
ua at aX AX ' 
eas ie 3 GE) (22) pee wh 
aX s s 
' af 
where £ = ae 


by evaluating Equation (9) at the outflow face 


a Cee heey egg ee a8 = W. (10) 
£ q 
W 


’ 
W 


Eee 
hie ae 


L d AL a, 


the average water saturation in the core could be taken as 


2 


| Sdx 
1 


aya sal | (11) 
av te 


and from Equation (10) it is apparent that the distance 
i] 
a fixed saturation moves in the core is proportional to f 


i] 
and then L could be represented by f 2 
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dimensionless and describes how the intake capacity (u/AP) 
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ison of the intake capacity at any time to the intake cap- 
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If we differentiate with respect to ES. Equation (19) 
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FIGURE C- 3 


CALCULATED RELATIVE PERMEABILITY CURVES 
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FIGURE C- 5 
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FIGURE C= & 


CALCULATED RELATIVE PERMEABILITY CURVES 
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TABLE 
9= 10.0 CC/HR 
TEMPH2 241.0) C6 
TOT P= 674.0? CC 

PRESS 

TIME DRNP 

OARES - (HRS) (PST) 
1004 21.00 0.00 
1004, 234.30 6. 80 
1104 7-00 5.10 
1104 92.10 4.20 
104. 11.10 Siec0 
BOs, §13%.30 2.00 
1104 19.05 1.30 
1204, 23.00 1. 20 
1204 95,10 1.00 
P2086 | 16%.30 0.90 
1704 23.25 0.80 
Is04 ©23..00 05,00 
1404 8.30 0 .60 
1404 20.40 0. 60 
1504: 23.00 0 .60 
1604 20.50 0. 50 
Woes 21% 10 0.50 
1804 19.45 0.:50 
1904 17.00 0.50 
2004, -18% 15 0. 40 
22104 22.10 0 .40 
2204 21.00 0. 40 
23064 22.30 0 .40 
2504 20.45 0. 30 
2604 21.00 0.30 
27104 22245 0.530 
NEE ta aa Nie" 0.30 
3004 21.10 0. 30 
105) “22.40 0.30 
205. 21.00 05.30 
305 (14.00 0.30 
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SWT=11.26 PER CENT 
13.55 DARCY 
T1702 6% CC 


KOT= 
PORE VOL.= 


TOTAL 


INJ PROD 
(PV) (CG) 
0.000 0.0 
030204 1640 
0.121 
Oe LST 
0.179 
Oe 2257 
OF 2812 
0 336 
0.471 12 
O. 567 9 
0.660 6 
OR SGA. 15 
1.099 5 
13 262 6 
13615 9 
1.902 6 
23 Let &) 
Zia OZEL 6 
2 oi a 
322146 a 

5 
4 
2 
6 
4 
4 
2 
2) 
Z 
1 
6) 


Bah 


32516 
Beoce 
4.157 
4.747 
52 074 
Seer 
Se AN) 
62344 
6.683 
62978 
Ls 206 
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WATER 


PROD 
GG) 


(DISPLACEMENT DATA) 


TOTAL 
OIL 


(%®IOIP) 


45.58 
45.87 
46.02 
46.10 


RUN-202 


DC200( 
Ke 


500)CS 


1172.34) DARCY 


62625 
94.80 
94.60 
Uae eres a 
227.00 
349.00 
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TABLE TO-43 ECD TPSPIACEMENT PDIATAY) 


RUN-203 
DC2Z'00( 00).CS 
O= 160.0 CC/HR SW1=11.45 PER CENT K= 16.39 DARCY 
TLEMP= 21,20 £C KOT= 14.31 DARCY 
IOIP= 666.2 CC PORE WOLe= TISi254 CEC 
PRESS FLORAL. fQL WATER TOTAL 
TIME DRNP INJ PROUD FPROD ORL AVE. 
DATE ((HRS) (PST) (PV) (CG) CCG) (ZTOIP) WOR SAT. 
2405 22.00 0.00 0.000 0.0 0.0 0.00 0.600 TOL Ts 
2405 . i22.510 125.00 0.070 48.0 0.0 5.66 0.00 0.149 
Z405 922625 1O7220 TOSS i020 0.0 iyso6 0.00 0.204 
2405 22.631 79860 TO01389 4635 0.0 18.64 0600 T0825 
2405 22.56 47.60 0.208 7.3 0.0 19.74 0.00 0.323 
2405 23.30 2LS0 fO.33s1 45,05 Size 26. sont Leg COs356 
2505 0.01 15.020 fOe448 501 71260 28.83 4276 0.397 
2505 0.33 2.160 {0.6559 OF4 AVG 85 30.24 8.13 0.406 
Z505 Loe Spee. FO.8798 U265 6538 S2HN2 We i22 (0 eeZ0 
2505 3.48 GeELO Chezgsl 42138 S288 35.259 + 35,103 (Ociea3 
2505 6.23 Bek GLseees. 19.630 46250 38.24 21.68 0.463 
25,05 7.230 5-20 2.943 5.65 G250 390404 30.5670 5473 
2205 6226 4.60 (©2.269 Ge VEST Boe, tails £064 05 
2505 26130 4.40 2.497 4.9 168.8 40.70 34.44 0.4/6 
MEDD. glia 3390 tae 0 est) ~Bilayas 41.86 40.62 0.474 
20D leo 30950 Ges S20 JleS0 43.06 46.37 0.486 
Zoo, 81.655 3450 FT<069 SOS 39.01 4Se8] 6.93 (C488 
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1506 


1506 


1506 


1606 


1606 
1606 


1606 
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1606 


1606 


TABLE 


Q= 300.0 CC/HR 


TEMP= 

IOIP= 
1906 19% 
1506 20% 
n06 20. 
1506 20. 
106. 20% 
7706 20% 
2206: 2ile 
ID06 Zl 
1506 21 
P06 220 
i106! 22% 
1506 22. 
£506 (23 
206 230 
1606 0. 
1606 Ze 
1606 36 
1606 4e 
1606 5 e 


1606 5 


ZiletO A 
680.9 CC 


200. 00 
160 .00 
108. 00 
70 .00 
49. 60 
41.50 
32. 50 
26 60 
Zoe. 
20 .60 
18. 70 
17 .20 
15. 80 
14 .00 
13.420 
11.80 
11.40 
10 .30 
10. 00 
E9230) 
9. 00 
&.70 
8. 50 

ef .00 
venrG 

7 60 
Ve 20 

7 00 
6.90 
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D-"4 DISPLACEMENT DATAD 
RUN-204 
DCZ00{ S00)'CS 
SWT=12.50 PER CENT K= 13.75 DARCY 
KOT= 12.12 DARCY 
PORE VOL.= 778.0 CC 
VOVAL ‘OT WATER TOTAL 
INJ PROD PROD OIL AVE. 
(PV) (OCH (CC) (4ITOIP) WOR SAT. 
0.000 0.0 0.0 0.00 Oc00 On 22S 
0.948 36.0 0.0 oe a fl 0.00 0.173 
0.074 16.0 0.1 Gwil2 0200 O69 
ORE07 23.0 0.3 925:0 0.01 0.232 
04138 2240 0.4 Lows 0.01 0.262 
OL1YS 2869 0.5 16.98 0%:01 ‘O'S 03 
04'246 3240 § -Z21n0 21.68 0.65 0.343 
O43487 VOSS 6 S2n5 24.69 1s S “Ow S60 
04363 960 2526.0 26% O11 B55 On S17 
O.472 - Vaal 6208 PAGER ait De fB OeS 92 
0.595 1066) 185455 29243 8.10 0.404 
0.704 8.1 76.4 30.62 9.43 0-416 
0.817 664 81.6 Sleo6. P2eld O.425 
0.915 AieO | BS ich S29  Wih'BT 0.414 
1.946 6-4 86.5 SSS. 3.51) We soe 
1.159 DD. « BAe O BAitoS WO. CH Welt 0 
1.390 8.0 TI 20if 25wod) 2 ie DB! We 840 
1.503 Siok UB Dsl 26001 25.20 Ws 52 
1.736 66 186.6 S6.98 2ZBai2l Ones 
Le OL 2D 4/9619 Beet Bind 10.459 
2218 4.8 186.2 385 G5 ose. 19 Oe oS 
20233 Zio toate 38.44 32.62 0.469 
20261 eae rect 38.78 42.34 0.47/71 
22473 Zed | OOO S39e%k> 35.24 0.473 
22588 200) *O9e0 39.44 44.50 0.474 
Cente PaP Ie SISA AS! 39.74 46.65 0.478 
Le 5> Sai) eet 40.19 60.67 O.477 
3-989 Po ee ih 40.54 40.66 0.488 
3.194 PSGe) BD oz 40.81 47.33 04463 
3.428 24 181.0 41s l6" 15.41 05485 
PESOS, bai ASN 41.41 53.00 0.470 
32666 dive Oe Q 415,639 <60. 0000249) 
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TABLE D- 5 (DISPLACEMENT DATA) 


RUN-205 

DC 200( 500)CS 

O= 800.0 CC/HR SWT=11.44 PER CENT K= 8.43 DARCY 

TEMP= 22.0 C KOl=. %-.30, DARCY 
TOIP= 665.1 CC PORE VOkR= 754.0. CC 
PRESS FETAL Ot WATER TOTAL 
TIME DRO! INJ PROD PROD OIL AVE. 
DATE. (HRS) CPSE) PV) Gee) (CC) (%I0IP) WOR SAT. 


ee ee es ae ee oe ee we — ee oe eee oe oe oe oe ee — oe owe ee ee — ne oe oe ee 


2806 18.24 0,60) Q%,000 -. 00 0 
2806 18.29 .1065.00) 0.089 42.6 0 
PAO8 18.34  470..00 O13 42.2 3 
2R0G 18.37) 310.00) 04.238 23.5 - 4 1472) O20) 0.3140 
PSOG 1842: 2255.00 02320, 20.6 454.0) 1783) Dale) 0.366 
2RIOC? ~4B.49: 160).00) 0n.443) 26,0) 624.0) 217 2h3e) 0n.408 
CeeG 49.02 1121..20 04,683) 297.4 15%.) Bente  Shisey ones 


OH). O00) G00. ony 
4 “3G 0.00) O20 
Ss 18s2o: 0.09 Mazes 
8 


2806 9.15 84.50) OL.928 20.0) 1724.0 29% 157 8.60 0.448 
2806 9.29 7Os180. Te.ES ess 1807 31.92 9.87 0.463 
(2806 9.49 60,.40) 1.436 10.3; 180%.1 3344 171.48) O% Asad 
2306 10.02 54.20 1.679 9.3 180.3 34.87 19.38 0.479 
2806 10.16 49:.20) 1.929 9.9 183.3 36.35) 198%..510 0.495 
2806 0%..29 45,00 26,674 86,1? 1 7a8 3705 2ortill 04.496 
2806 10.44 42.50) 2.445) 0..0) Y94i.0 39.08 19.40 0.509 
2806 10.59 39.50 2.655 5.) 150.2 39.84 29.45 0.519 
2806; 1%..21 36-80 2.963 8n.0) 222.0 4AM O05) 2ifhes te OOS 
2806 11.36 34.70 3.226 Gia 5) Wel .2 “42%,.02) 2% A6r Ge.558 
2806 11.50 33.00 3.487 5.2) 1954.8 421,80) 375657 0,559 
2806 12.04 31.40; 3.740 12,0) U86i.O “SAN  BE..50! 0.564 
2806 12-17 30.20 3.984 bie On 2.82.0 44.310 30.33: 0.566 
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TABLE 

QO= 20.0 CC/HR 

TEMP= 22.0 C 

FOIP= *665%'5 “CC 
PRFSS 
TIME DRNP 
DATE (HRS) (PST) 
Oot ks. 00 0 .00 
POY 1352 35 40 
707 14.18 34 .00 
POW 2.00 31. 60 
MOT. 15.50 28.80 
O77 N6.'53 Calas als, 8) 
Oy) Oeil 17.70 
POU. 217. 14 10. 30 
MOT 92 72%O1 &.20 
Pot 923.02 6- 50 
807 T7241 3 .80 
Sr LOT) 3. 40 
eo? #225 3.20 
HOM 2 dee03 2. 80 
SOW 5.04 2630 
PO) ebore LO 2. 00 
IO 2 el 1.80 
1007 ee De eh 
POD Mae 2 3 1.60 
PeLOrt Seo 1. 50 
fenod 815's*30 1.50 
wer 810615 enc 
PAO F205 esb0 
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D- 6 (DISPLACEMENT DATA) 
RUN-—206 
DC200{ 500)CS 
SWT=10.58 PER CENT K= 1% 56 DARCY 
KOT=: 6666 DARCY 
PORE VOL.e= 744.3 CC 
HOUAL ‘OTL WATER TOTAL 
INJ PROD PROD OPEL AWE. 
(Pv) (CO) (CEG) Iinoire) “WOR Sar. 
0.000 0.0 0.0 0.00 0.200 (Oi105 
D022. AAS 020 0262) {0,<00 (0.Nes 
0.034 729 0.0 1.80 0.00 0.2140 
D054 Rea ~~ tolfo B42 (0.f00 TOS59 
0.1076. Wiz 0.0 G59 0,400 (O.7SBe 
0.105 23:0 0.0 a465 0.100 (02m 
OL.4AGS “4 he2 0.0 16.74 OreOO TO ZAES 
04225 o.0 WO  Bekss 2.400 0). Ben 
0.246 V6rd On Zotar Ore Oi? Oi siS2 
0.275 14 0.6 . 2680s i757 Cotee6 
O.512 (450 Wasco takes fade todas 
0.582 Dies 47.7 S164 9.00 0.431 
0.644 4ef 42-2 34.34 8.97 0.436 
Ou.la7B° fac 6504 Bases NS Are tose 
paloe 1.20 Psea0.. Bekin 4 £09 0.4464 
Lae 9.4 158.3 30,353 116.184 fo.ee70 
be. 540 Bs2 Torna 40.76 P9615 TO.e408 
WoVee oes Usage Muaro 25320 f08466 
beds, §f> Werfo Macds9 fines foSeon 
265G0 Paé 40601 Gu.078 tain&en ToSso2 
at67a. tata W028 “a58ie  2ao.4ar fossor 
acto, IWne4 isiiees “8e68se S33. 382 £0. S508 
3.844 8%84 I2Todo ©6846 552 Benire Fosse 
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TABLE N- 7 (DISPLACEMENT DATA) 


RUN-207 

DEZ00( 500)CS 

Q= 560.0 CC/HR SWI=11.86 PER CENT K= 8.54 DARCY 

TEMP= 21.0 € KOT= 8-18 DARCY 
IOIP= 674.6 CC PORE VOL.= 765.4 CC 
PRESS YORAL, OFF WATER TOTAL 
TIME DRN P INJ PROD PROD OTe AVE. 
DATE (HRS) (PST) (PV) (CC) (CC) (%1G1P) WOR SAT. 


1907 12.43 0.00 0.000 0.0 8) 
1007 12.48 660.00 0.052 30.0 0 
1007 12.49 675.00 0.066 7.20 6) 
Poor 12.54 544.00 90.118 35.0 0 
WOOT  120,57% 424.00 0.150 18.0 0 
TOOT 13.00 290.00 0.188 27.4 3 
£607 13.09 158.00 0.303 42.4 49 
eon’ £3. h9 110.060 0.423 23.3 69.5 2269) 2.98 0.382 


BOOy 15.30 86.40 0.551 16.2 74.4 28.32 4.59 0.412 
1007 13.40 1264 20 Oc677 Lik. O° WOug A995 72.24 0.434 
HOOr: 13.50 62250 0.794 10.) 8221 31.44 8.02 0.446 
1007 14.00 56-00 0.916 8.423 85 a7 326% VO.S2 0.455 
BOOT 4,09 50.60 Le0s6é Wet 66625 S260 ilk. 200.465 
1007 14.20 46.40 1.158 Set «68843 34.66 15.49 0.469 
TOOT | 14.30 42.50 1.283 626 19164 35.64 13.84 0.475 
1007 14.40 40.00 1.406 4.2 88.8 36020 20a bo Os 462 
1007 14.49 BR OO Ls s20 404 83.46 3669 19.00 0.486 
hOO7 ' | 135.. 10 33.80 1.770 9.0 185.0 38.28 20.10 0.495 
TOOT” 615.30 30.40 2.013 6.9 182.8 39.430 26649 0.499 
lOoo7 15.50 28.40 2.252 6.4 179.0 40.25 2.96 0.504 
LOO V6.09 2680 2.482 665 LVH.6 41.21 26.40 0.510 
1O07 8616.30 24460 2.736 4.5 190.6 47288 42.35 0.526 
POOr 16.49 23.20 2eBis 4.4 180.4 42.253 41.00 0.518 
BOOr 17.09 22010 302420 4.6 185.3 “Seo 40628 0.321 
FOO 1739 2100 3.4458 4.24 180.4 43087 41.00 0.524 
LOO WV s,.50 20.20 3.699 360 LE R7 4403) 60656 0.527 
TOO” -f8.09 19.40 3.926 4.2 179.2 44.93 42.66 0.520 
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TABLE N- 8 (DISPLACEMENT DATA) 


RUN-208 
DC200( -500)CS 
O= 50.0 CC/HR SWI=12.46 PER CENT Ki" 1 65.72) DARCY 
TEMP= 21.0 C KOI= 14.95 DARCY 
HOTP= 686...0' GE PORE VOL.= 785.9 CC 
PRFSS TOTAL OIL WATER TOTAL 
TIME DRNP INJ PROD PROD OIL AVE. 
DATE (HRS) (PSI) (PV) (CO) (CG) Ceraiey WOR Sal. 
W070 V1.50 6.00) ~O.7000 0.0 0.0 O200 0.00) O24 a74 
Me07 §612':20 35490) On0SS: 2040 O66 1,56 O00? OFS 
1307 12.56 3a Of0es 21.0 0.0 4.62 0.00 0.193 
W307 }§=613.922 2700" OL 33°00 Ong 9.41 0.00 0.236 
M307 V3 641 227e8 0) OnekesZ? 1 ol OO 125.03 0.00 0.256 
PO07 14.57 12000" “0213 | 67.9 Owl 20.90 0.00 0.338 
1307 15.40 10°50? OVZ5).) 19.3 Oot? 23.70 0.50? 04364 
Hs07 © 16620 8630) 648090" 21%2) 238 26.78 LT2? 04891 
m0T 700 6860-06366 14.2) 30.5 28.85 Zot 4 04409 
mor UL s40: . S50! 0.427 9.4 34.6 30%. 3.68 05421 
us07 8618'..30 4.90 0.468 Pel oO S23 5.28) 02420 
1307 19.40 4.00: 0.524 G2? BIS 32°13) 62.093 04428 
1207 «620.34 32.40 0.580 Bd) Sisal 325.877 7.66 0.434 
MeO 2.26.27 3.20 0.636 3.8 39.8 33,430 YO..4T) 06439 
1407 0.30 3.00) O%5.843? 133.3) 15540 35.36 11.65 0.449 
1407 3.245 2%.60) -I16.0G6? 124.0" W642 3700? 13.69? 05.463 
1407 TEN AG et Ol eas 836) 159.2 38.35 18.50 0.473 
107 '' 10.50 23°00 "ae ool 7.0 168.8 3903.1 =) 24 0a. eow 
P07 13.20 1.80 1.665 5-9) L252 40623) 21472705436 
1407 16.45 1.60 1.2884 Let N68s8 Aes On) 22a Bile Osea 
med) 20.16 1.60 2.1208 559 V1 7.0 ok 42.16) 28.83) 0.497 
MEO *22.55 1. 50% (2ecee Pee GOEe 42651 3 %e1S 06497 
1507 6531 150 174 5a 348 182.0 43.06 47.89 0.494 
1507 3.59 160-2 ee Soon laa 20 43.61 45.00 0.498 
1507 T00 1.30 2.864 3213 mS 44.09 46.27 0.494 
S07 204/21 2,30. 35022 2 Gale Meo 44.47 46.88 0.504 
S07 215.10 WezO 36343 3.8 E250.82 45.02 65.84 0.500 
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TABLE 
O= 8 eb>. 0 [CC/HR 
MEMP = Faz. .0. C 
IOTIP= 648.8 CC 
PRFSS 
TDM E DRN P 
DATE (HRS) GP SI) 
2007 12232'18 0.00 
avoT Sei38 15.10 
2107 omens: 10.10 
mUuOT 4 10.00 6. 20 
rot 2 LZoL8 4.20 
2uO7 715.205 3. 60 
207 120s 5 2.80 
e207 2 41.0:0)59 2. 20 
e207 21658 1.99 
ed. WhA%6.55 1. 60 
moO) 23:08 1 40 
2407 12.08 1. 30 
2507 0.46 1.20 
BOT 8.30 VerlS 
BOOT btaWe25 1.10 
Zoot se yle30 1. 00 


DSS" VCD TS. PRACEMENT 
SWI= 9.70 PER CENT 
KOT=' «8.18/DARCY 
PORE VOU.=°718.4°CC 
TOTAL OTOTL WATER 

INJ PROD® “PROD 
(PV) CGC) (CC) 
0.000 0.0 0.0 
OOS 2 4459 01 0.1 
0.162 50.0 0.0 
Geie2,8 2 Uae oS 1.0 
O28 29ND SE1L955 

Ooas? Brel THSG6. 1 
OF462 ELL e 1 9S wei 
0.5699 1618'.0FH58.5 
Q.2911 1 °14.01159.8 
PIZS5 5a SSC keene 
1.477 Bie G Lae. 4 
Pano Bis 9 EZ OO. 
22027 roe cand to 8 es 
Ze 750 ae 5 TGS 9 
eo? 5-4 198.0 
2.863 405 181.9 


DATA) 

RUN-209 
DC200( 500)CS 
K= 8.66 DARCY 

TOTAL 
OIL AVE. 
@ilOrP) WEWOR SASAT. 
@f00 0.0000.09097 
%e54 ©.0000.09189 
U5325 Oblotoo 08258 
25877 0.0001.08274 
20047 i.e nionsse 
2a? (iGES2105354 
Zoe Ss -mESl9 seOear | 
2ST BB S8010 ese 
2ESG7 Pilea Ons 
39863) 8.6993 .02411 
40886 905408420 
AP 023 12294800N420 
42046 1 Yas 26400842 5 
GAO? 139040805566 
44.85 36.66 0.567 
45055 1840942669570 


120 


re 
yr 


er 


Be ae 


oar 


‘a 
a % ‘ 


TABLE 

Oar 1550 0CCZHR 

TEMPS 22 222 FC 

IOIP= 682.9 CC 
PRFSS 
TIME DRNP 
Dare® CHRIS) (BSE) 
eon? 1 ILS 0 .00 
Romy 12615 23. 80 
2807 14.14 15 .30 
Zon? 1 hs00 5. 30 
2607) 20.200 5 20 
2907 3-45 3696 
290? 10655 3 260 
Zeon? 17°30 3. 00 
3007 1.45 2 80 
3007 9.42 2. 60 
200K) 17645 2620 
3107 1.58 2.10 
3107 14.00 2 00 
S10 21845 La2e-O 
108) 140112 1.80 
2088 10.343 Terr 
208 + 20.00 1.60 
308 10.50 1. 60 
poe 7.20.10 1.50 


Ns-0 


(DISPLACEMENT DATA) 
RUN-210 
WAINWRIGHT(1080)CS 


8.31 PER CENT K 3 4) 26 45D ARGY 

10.39 DARCY 

VOWS 974428, 4CC 
OTe WATER TOTAE 
PROD PRON OTG AVES 
(CG). (CG). (CARO Te Pe wor Sie 
OO 0.0 0.00 0.0010 £0635 
12379) +056 0.42 0 £0070 S103 
25.3 080 ae 0 fo.0No 2443 
2070.2 630 8.52 of20)%0 fuse 
19 $09 3646 11230 1 A920 S202 
3935 eres 1 £08 1.98) 10 S255 
2 hers 94.4 20 GaZ 44> 05263 
LE 9%@ Sod 22 .66 5270 Sts 
193A) GaGa, 25.49 5.42 0.307 
LS IOEL IOI 27S 8.08 0.319 
LER G1 W2N4 29.55 TEN TO SBE 
1 S0 41 1240 3 S.68 70 SLehto 7350 
1284, 2161; 332,68 112220 S360 
10:36.7 bse 34.82 LO TO £513 
18.4 229.5 37.E518? 1264250 {532 
19°27 829882 40.40 15.03 0.549 
8.5 0149R1 41.64 17.54 0.553 
Oa Ow. 43.00 22694 04560 
704 132.5 44.09 17.90 0.570 
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TABLE 

Q= 25.0 CC/HR 

TEMP= 22.2 C€ 

TOIP= 679.8 CC 
PRFSS 
TIME DRN P 
DATE CHRS) (PSI) 
S0G UR. to 0 .00 
2007 Lle.49 38. 20 
30@% 12.02 35 .00 
3007 14.13 10. 40 
3007 14.43 8 .80 
3007 21.41 5. 20 
S1O;7 2-30 4.80 
3107 7-30 4.50 
SIO v3.25 4.00 
eo ‘21.00 3. 70 
108) -13..58 3 .00 
108 20.14 22 80 
208 10.38 2 «60 
206) 21.35 ZoenG 
8967 10.50 Ze 
205) 20.10 2. 00 


D-11 (DISPLACEMENT DATA) 
RUN-211 
WAINWRIGHT(1080)CS 
SWI= 9.68 PER CENT K= 12.64 DARCY 
KOr= 10.41) DARCY 
PORE VOL.= 752.6 CC 
TOTAL OIL WATER TOTAL 
INJ PROD PROD Ott AVE. 
(Pv) (CC) CC) ChtOTRy WOR SAT. 
0.000 0.0 0.0 0.00 0.00 0.096 
0.022; 11.5 0.0 0.25 0.00) O. LES 
0.030 3.9 0.0 0.82 G:.607 (0%, 127 
Oo. 10s 52.1 3.0 8.46 0.05 0.20! 
0.134 8.8 11.2 9.78 VWe.2ih O22 
O.272 40<5 146.3 15.73 3261 0.255 
0.531 18.8 104.9 £8.56 555% Oe, one 
On.69,7) E500. 1H2 54 26.7% 7249 0.292 
0.906 8.4 243.66 23.41 7.80: OO. 300 
Lo uGG 2262, 58R.2 26.68 8.15 0.330 
L680 42.8) 400.% 32.98 9.52 0.309 
1.950 16.4 152.0 35.39 9.26 0.370 
2.486, 31.2) 35402 39.98 11.34 0.394 
2a On) 250 ecGt se Goon Geee 1 O24 Ome OS 
Dav eGe 14.0339 56 45982" 24525707406 
S65 a2 gals. Suet 47.48 21.00°0.409 
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TABLE 
Q= 50.0 CC/HR 
TEMP == 22%..20 C 
1Dd PH 6785.93 CC 
PRFSS 
TIME DR AP 
DANES CHRS) (PS 1) 
POs, 138.43 0. 00 
P20GR 14.07 69 .20 
1108 14.28 59.90 
1108 14.45 49 .90 
PuOSe 15.15 34. 50 
Pose 15% 38 22.80 
POC 16% 21 15. 40 
Puss 19515 9.70 
O68: 23.34 8. 30 
1208 9.40 5 40 
Pee 13313 52 00 
HZOGe 16239 4 .80 
1208 23% 22 4. 60 


p-12 
SWI= 
KOI= 
PORE VOL.= 
Tomi “OUL 
INJ PROD 
(Pv) (CC) 
OGN00R . 020 
O2026, 1260 
040495 1861 
02,0606 16.2 
On10Om 2769 
Osil27e 2269 
Onlwea 16e4 
0.367 29.7 
0.652 26.6 
1.328 52.0 
165587 10%9 
WigHee 11ss 
242028 2123 


9.9357 PERS CENT 
11S 42) -DARGY 
Tosa CG 


WATER 


163.9 
28965 


(DISPLACEMENT DATA) 


K= 


TOTAL 
OIL 


(LI0IP) 


RUN-212 
WAINWRIGHT (1080)CS 
192997 DARGY 
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DATE 


808 


808 


908 


1008 


1108 
1208 


O= 
TEMP= 
IO[TP= 
808 16 
S08. 19 
S08: 23 
908 Vit 
308 23 
1008 ta. 
im08: 13 
i208 14 
PSeGe 24 
1408 10 
1408 16 
£405 20 


TABLE 


od CC/HR 
ele: 
65300 CC 
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D-1S3 (NISPLACEMENT. DATA) 


RUN-213 
WAINWRIGHT(1080)CS 

SWI= 9.28 PER CENT K= 10.35 DARCY 
KOT= CV ehés DARCY 
PORE VOE.= 720.3 €C 
TOTAL GFL WATER TOTAL 

INJ PROD PRON OTe AVE. 
(PV) (CC) (CEC) “Oliarey WoEe GAG, 
0. 000 a 0.0 0.00 O.80 6.f92 
0.941 20647 Oe 2. bo 0.00 0.134 
OLN 30.4 0.6 7.82 0.060, 0. 167 
0.995 4.5 5.0 8.50 yee Oo wary 
Pe Fa. 1esz 9.91 1 kO: Os hot. 
O.262 260.8 785.5 D310.) 4.18 6.20) 
0.299 aren 4 36 2 £3,027 5.229 OO. 206 
O.366 9956 841.8 25 4S 5.48 0.215 
O,h87 19.2 27259 BesOr- 13.86 9.238 
0.616 Leo 81.8 20002 & he O29 
0,762 217.5 P9S.8 28440 35.00 0.262 
0 Ree. 10.38 ees.) ee es 6.89 0,265 
0.964 12.0 69.1 26,96 5 fo O.eo6 
t .2es 28.4% Y9S.8 Sai, 5S? 6.69 0.290 
1.849 Doe BOA.B «Be.66 Ale7S 0.258 
‘892 2.08 128.4 22595. 414,20 0.60) 
1453. “ToS: 42S) Bare 45.6670, 202 
OG, 22 $7 2G. S BAGG 1) etalon Geer 
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TABLE D-14 (DISPLACEMENT DATA) 
RUN-214 
WAINWRIGHT(1080)CS 
Q= 800.0 CC/HR SWI= 9.34 PER CENT K= 8.56 DARCY 
TEMP= 22.2 C KOIT= 6206 DARCY 
TOTP] 682.64 CC PORE VOL <= 75257) GC 
PRFSS TOTAL OIL WATER TOTAL 
TIME DRNP INJ PROD PROD OIL AVE. 
DATE (HRS) (PSI) (Pv) (OC) (CGY Crore yY wor SAT. 
1408 12.08 0.60 0000 0.0 0.0 0.00 0.00 0.093 
06 «T2sl6- 120000 OsTS4 7.62 0.0 9.29 0600 O5249 
woe P2s2F 1100.00 02239 7620 0.0 19.54 0.00 0.332 
1408 12.30 950.00 0.398 139.6 0.0 40.00 0.00 0.491 
1408 12.31 S30200' Gear rose Oe! 41.47 0.01 0.505 
$408. 12642 535.00 0.631 43.6 135.2 47.86 Zat0 O2544 
EA08 12652 356400 O6807 240811550 51.49 4.63 0.568 
1408 134614 295.°00 Ys208 2553 28320 55.20 11.18 0.593 
He08 “V4 e)2 275.00 1.691 14.9 256.3 SHese 17520) OF735 
1408 14.33 255.00 1.935 18.5 277.0 60s09 1459% OselzZ 
1408 14.53 216.00 2.307 21.2 263.8 63620 1264 06633 
1408 15.12 194.60 25649 IPs2 251255 64.84 22.54 0.639 
1408 16.04 186.00' 3eFTS 28.2) 342 a2 67.51 18.79 0.651 
1408 16.25 172.00 3.488 BoD 28S57 68.22 58.91 0.641 
1408 16.44 162.00 3.832 526 262.0 69.05 46.78 0.637 
1408 16.51 158.00 3.974 3.4 110.6 69.54 32.52 0.632 
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TABLE 


Q= 100.0 CC/HR 
MEMP= (236.8 C 
SUTP= 663.2 CC 
PRESS 
TIME DROP 
DATE (HRS) (PS 1) 
poor 612.05 0. 00 
#607 11,20 290 .00 
so0y Lhe 3l 266- 00 
eo0% 114650 225 .00 
e600 L261 1735000 
Pood Asst 132.00 
Eeog 412.55 90. 00 
poo¢ 13.10 55 .00 
hoow 15.36 40. 00 
Peov '| 16.5% 32 .60 
e076 20.120 25-2 60 
1807 22.42 22.60 
1907 0.02 21. 20 
1907 4.45 20 .80 
L077 rene 20. 20 
PIO7 13.51 19 .40 
pO O07 ) 16.35 18. 40 


D=1p 


SWI= 9.41 PER CENT 


Kot= 
PORE VOL.= 
TOPAL “OUL 
INJ PROD 
(PV) (CC) 
0.000 0.0 
0.038 18.3 
0.065 22.5 
0.106 36.2 
OsISe 44.6 
0.204 49.63 
0.275 624.5 
0.453 39.6 
0.636 20.4 
0.825 15.6 
12207 722.8 .0 
Tootn 15.) 
peede. 10.0 
ZOSNT, 246 
25068) a2 0 
2.666 13.9 


6-40 DARCY 
3230, CC 


WATER 


2S real 
493.7 
485.7 
360.1 
BikoActis 


(DISPLACEMENT DATA) 
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RUN-215 
WAINWRIGHT(1080)CS 
K= 8.32 DARCY 
TOTAL 
OIL AVE. 
(LIOTP) —WOR . SAT. 
0.00 0.00 0.094 
Perk —O,00 02142 
426% 040000. 159 
TGLts 60500. 0s206 
16.46. 0.00 0.252 
22.83 0.01 0.298 
MESO FOGSB 05352 
BB246% be 663°.0.389 
2655 2620003403 
33.90 #94 0.422 
43.93 94957502445 
LHLG0 “14.04 0. 461 
noe eh Se oes FO 
50.53 20.57 0.506 
S270 2 3e1e 06455 
55.79 25.90 0.499 
S72 51° V27eoONGL DO! 
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TABLE 
O= 80.0 CC/HR 
TEMP= 21.1 C 
IOIP= 651.6 CC 

PRFSS 

TIME nRNP 

DATE (HRS) (PST) 
2208 114734 0 .00 
2208 14.53 225.50 
2208 15.23 176 .00 
2208 16.29 8 4. 50 
2208 217609 57 .20 
9208 1203:00 32. 00 
2208 122754 24 .40 
2308 4.30 20. 00 
2308 9.58 17 .00 
2308 14.15 16. 50 
2308 22.00 14.00 
2308 23.33 14. 00 


DSl6 


SWI= 
KOT= 
PORE 


9eTOFPPERLCENT 
4202 DARCY 
VOL«= 716.9 CC 


WATER 


<2 oe ae oes oe — con ome oe ae oe ee 


e282 
603.8 
124.5 
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(DISPLACEMENT DATA) 


RUN-216 
WAINWRIGHT(1080)CS 
K= 8.17 DARCY 
TOLAL 
OIL AVE. 
(%1O01IP) WOR Shi 
0.00 0.00 0.091 
0.84 On0040%3 225 
8.50 0.00 0.188 
2377 0201n07812 
29.05 OL7F4H08352 
34.79 5.33 0.394 
B8206 WoOSZ300R4T7 


47619 }2867T8005498 
50881 125258 U005s3 
51059 €243 41005551 
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TABLE O-17 (DISPLACEMENT DATA) 


RUN-217 
WAINWRIGHT (1080)CS 
QO= 200.0 CC/HR SWI= 730 PER CENT = 92422 DARCY 
TEMP=r 20'.0), C KOIT= 7-36 DARCY 
HORP=" 6925.30 CC PORE VOL.= 746.7 CC 
PRFSSs TOTAL OTL WATER TOTAL 
TIME DRNP INJ PROD PROD OIL AVE. 
DATE (HRS) (PSI) (PV) (CG)) (COOL AYTOTPA? WOR Sat 
2608 10.22 0.00 0.900 0.0 0.0 0.00 0.00 0.072 
2608 10.33 SO°S6000) CS0S0) 232 0.0 1.93 0.00 0.123 
2608 10.41 559.00) O..0845 213.8 0.0 5-08 0.00 0.164 
2608 10.50 52500) “Ohdiess 22.40 0.0 8.26 0.00 0.201 
2608 11.00 474.00 0.174 40.1 0.0 14.05 0.00 0.247 
2608 11.14 424..00) 043238) 52.5 0.0 221%:63 0.00 0.311 
2oud5 11, 2)7 363.00 0.294 49.7 0.0 28.81 0.00 0.367 
2608) 11.40 2695.00) 02,3340 3155 0.7 ae SH 0.02 0.406 


2608 12.45 LY 5ts00) O05 646) 76%.29 156212 44.38 2204? 03 509 


2608 14.00 905,00) OR 9907 22557 223.8 47.48 10.40 0.554 
2oee. 15.06 79200) 14.304 13.90 19957 49.20 16.78 0.600 
2608 16.48 64.00 1.744 13.0 322.7 512089 24468200.608 
Zoue lds 597.002 24020 S40) 20268 52428 24.37" 02.6185 
Z2o085 19411 5Hs00) 24895 8.1 274.6 53.452 334.907 0.620 
2608 20.42 52.00 2.804 Ose 30556 54476" 33%D8e 06649 
gZe0Ee 22.01 50.00 3.164 Stn 20 469 5oa.D4 50.90? On Ont 
2608 22.08 48.90 32261 4.2 146.9 565150 344.940 Oe O12 
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TABLE 
Q= 400.0 CC/HR 
TEMP= 21.1 C 
HOTR=6672520CC 
PRESS 
TIME DROP 
BATE (UHRS) CP SI) 
2908 11.00 0 .00 
2908 11509 943. 00 
2708 1.14 904 .00 
2908 %1.23 714. 00 
2708 1033 595 .00 
2908 11.34 575. 00 
2908 12439 431.00 
2908 132.00 333. 00 
2908 k2s20 275 .00 
2908 2.41 230. 00 
2908 3.01 203 .00 
2908 Use21 18 2. 00 
2908 13.43 163 .00 
2908 14.04 147. 00 
2908) (14.25 137.00 
2908 14.48 127. 00 
2908 125 21,0 118.00 
2908 115233 111. 00 
2905 716-00 104 .00 
2908 I16.i21 99. 00 
2908 j16<e45 96 .00 
2908 117.248 92. 00 


D-18 (DISPLACEMENT DATA) 
RUN-218 
WAINWRIGHT(1080)CS 
SWI= 7.03 PER CENT K= 9.66 DARCY 
KOR= go n2250ARGY 
PORE VOL.= 723.0 CC 
TOTAL “OTL WATER TOTAL 
INJ PROD PROD OIL AVE. 
(Pv) (EC) CCG) FOsnoTe)” wroR GING 
0.000 0.0 0.0 0.00 0.00 0.070 
0.078 34.9 0.0 3.73 0.00 0.149 
0.124 35.0 0.0 8.94 0.00 0.194 
0.215 70.5 0.0 19.42 0.00 0.286 
0.304 68.8 0.0 29.66 0800002374 
0.315 9.3 0.1 BL804 604010073885 
0.365 28.8 8.7 35.33 0630008423 
0.558 50.8 89.4 42 .88 1.75 0.493 
O874A B28h9 11284 47e08 235920048525 
QO49R7 LIST BALES 49,52 8.39 0.542 
Lene6 LPLEO B30R7 Susgve 1s8seo06ss1 
13322 729 W2UEG 52.33 16.12 0.560 
1.524 7AO0 P42 H1 53.37 20.38 0.565 
13%23 548124139 54.23 24.46 0.568 
1.910 We? e134501 54.86 31.92 0.569 
2.135 5.2 156.3 55.63 30.05 0.578 
29333 4489 1853484 56.36 31.30 0.564 
2.562 2.6 157.3 56.75 60.50 0.576 
2.766 3.7 145.3 57230 6395217902578 
3.020 3.3 157.1 57279 847860006615 
3.236 3.3 156.2 SQI8 447 533:00 4605 
3.461 2331768 38 58.62 73.39 0.606 
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TABLE 


Q= 600.0 CC/HR 


TEMP= 


2o 250 


LOMPee 692% 19 CC 


0. 00 


1250 .00 
1340. 00 
1230 .00 


940. 00 
505 .00 
375. 00 
307 .00 
225. 00 
165 .00 


“1 22400 


102 .00 
90. 00 
85 .00 
81. 00 
77.00 
74. 00 
72 .00 
69. 00 
67 00 
65 00 
62 .00 
60. 00 
59.00 


N-19 (DISPLACEMENT DATA) 
RUN-219 
WAINWRIGHT(1080)CS 
SWI= 7.13 PER CENT K= 11.43 DARCY 
KOJ= 8e 03 DARCY 
PORES VGisc=4 745%.22 CC 
TOTAL OIL WATER TOTAL 
INJ PROD PROD OIL AVE. 
(Py) (CON) (CQ) CAloten? wor Sade 
0.000 0.0 0.0 0.00 O08 O00 O14 O71 
0.080 3048 0.0 32,08 O6.00G08 152 
OG123¢ 3068 0.0 7248 0.00 0.194 
0.161 30.8 0.0 11.93 on 00n 08 232 
OBZ OME 29177, OB) 16% 22 OF 00 OR 272 
OS 249% 312eh 1259 20.83 0.40 0.303 
0.328 24e/ 40244 24.40 I 650 06328 
Of409% 18800 4335 27.00 2.43 0.349 
0.536 32.3 66.5 31.67 2.05 0.388 
OS6708 17707 8395 34.12 4.91 0.410 
0.805 12761 94.9 356.37 7.84 0.417 
0.925 9.5 88.5 37.24 9.31 0.419 
1.153 S967 16267 38.49 18.91 0.429 
13356 164715143 39456 20.44 0.428 
1.552 44.65:14481 40222 31632706434 
1.759 5.3 153.7 40.99 29.00 0.431 
TRO eS 4.0 156.8 41.56 39.20 0.435 
2.193 SSb6G16237 422876 18291006437 
2.405 3.3 160.4 43.28 48.60 0.434 
2.625 342616569 43.75 51.84 0.431 
22847 224716423 44.09 68.45 0.432 
3.086 eee ke Ae) 44.28 136.84 0.432 
32314 led 169.4 44.45 141.16 0.433 
3.515 15 148.0 G4.¢60) 98213 10.436 


30 


t hay i ) 
; [ay 


Qf af he a 


ate i 
CTSA (0 ae ae 
SQROROL TAR EA RUIIM Jy i 
Y APR Ney Te ae MES: PORBEE OX + 


, > ae 
oa oA AD \ 


a) vo ay + OL 

ge || De ceo ae 

iy a): - - “An saat b, : =} 
28. Sh Te 


: J7B, 
Ar) CFTR 
(ry) ma) es 8, hip hy: ie 
EQLE ) Oise. 
cost |) dea, eee eee 


CPS, GO. 6 RS ceed dia ersh We v2'2 


- c} a gi) 34> m ri ns He ae /o > Ee f ; &- ah 
es a oe) (2 os i Che 9 oS y wy i A 
! “0 - * [' 


ae ey 
bed 
Piseeene ree sm a : 


tak + 


DT tie OO Oe GE 
Pere BOO 
Dee Oe 
OO wD 


~ 


= in ies 


‘ a eg 4 Ives: 
3. ae Ween. Caer, maaan 
OOOEELCL Ve bite (SRR ae 
ees yee: MAgREe Ves idee 
ey Oo ee Sih a a hel 


w 5 Y os ae + * Fe, wl 
- RY ack 
wi) ve) * 7 Ota , - Teac 
c. ora \} a Py A? ™ fas an Any + 
a 4 : 
rf. er tt 4 ‘ a. A 2 


a8 Oa yRe ; : 
ne ep, FO. ee 4 as ‘ 
¢ ORAET Sivas RG 2 a 
Ravi) a fhe eda 5 hie irae ee | SHE, O00 .0a : 
he EE ee Vee: NRRL AYE abe ee 005 OR” 


2 


Aa. ta - 
J ‘ = : < be 
eg” Weg eas Sg re Oe 


att tie? ee Sra 
poy Sy be Re fa Ee Pee 


Lik 


TABLE 0-20 (NISPLACEMENT DATA) 


RUN-—220 

WAINWRIGHT (1080)CS 

Q= 800.0 CC/HR SWihs= 751 BOPERRCENT K= 12.52 DARCY 
TEMP= 20.5 C KOT= 9.36 DARCY , 

TOPS = 77 2223CC PORE VOL.= 766.2 CC 
PRESS TOTAL. OTL WATER» TOTAL 

TIME DRN P INJ PROD PROD OME ANNES 

DATE {HRS) (PSI) (PV) (CCV) COCO) Ctonen) WoRA “San? 

1909 S225 OROON OBDOOn - Of0H —ORO Ok00n 0600405071 

P2098 -8%306'-16207000 Of 0F9* 30644 O80 28898  Of00008.15) 

1909 82327 18O0R0OP O0f325% 30222 on TerAe On00n051 9a 

T2099 86359 17508009 08164) 30,77  Of0K LIR45a Os00K06 236 

1909 83371 16002008 061988 30448 08900 156785 0600K08270 

77009 86395 14259.0090 O%234e 31208 0804 2oe09m ocn0nR0s 206 

1909 6.400 13208008 08 255% 945 Ov08 229938 06008 0m320 

Hopes) 825423 8806008 OG284r 28401. PE58 264778 —0. 05605854 

1909 84440 SIOKOOR 003362 3048 1352 3iBiGa (0206705404 

1900F “BLA? 4758000 OG376? 22478 12%5 34.29 0.55 0.430 


1209 Be490 4O7R000 OC 4228 15377 Z2is0 36.50 1.33 0.447 
Poe 9.01 Z2HSe000 “O25 626m 2355815825 39.80 5289508469 
1909 9.14 16GR000 O28660 27527 16085 43.63 5.90 0.500 


1209 9228 1263007 1.189 Ge de 1V460 44599 17693905526 
1909 9258 122.0059 1s 297% 45.94 1 Seam 454620 3054 7 0eo2s 
POCF 10683 L205000° 1.527 8-0 168.0 464/58 27200700583 
HO97) 10645 PLISh008 166185 404 158.6 “VIZ3Ts 36404306535 
foo. 610.56 107.00 1.934 3 0153.69 Act? “Slies0 1 Oe253 
709  .11.08 10-3,.008 (2.140 Zee LStis 6 48.24 49.25 0.533 
N09 1.120 9Os00 Zest PP CES Nelo se eS) 48.65 57.00 0.534 
woo fl. 32 95.007 “2.560 260) 154.0 48.93: 11 3-00? 0so34 
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TABLE D-21 (DISPLACEMENT DATA) 
RUN-221 
WA INWRIGHT(1080)CS 
O= 800.0 CC/HR SWI= 5.40 PER CENT K= 15.09 DARCY 
TEMP= 21.1 C KOI= 13.24 DARCY 
IOIP= 741.3 CC PORE VOL.= 794.6 CC 
PRFSS TOTAL OIL WATER TOTAL 
TIME DRNP INJ PROD PROD GOB DW Exe 
DATE (HRS) (PSI) (Pv) (Cc) 4c) Nene) SiAMas 
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RUN-401 
DC 200( 500)CS 
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TABLE 0-23 (DISPLACEMENT DATA) 


RUN-402 
DC200( 500)CS 
Q= 40.0 CC/HR SWI=10.80 PER CENT K= 18.28 DARCY 
TEMP= 22.0 C KOT= 15.73 DARCY 
IOIP=2631.6 CC PORE VOL.=2961.4 CC 
PRFSS TOTAL OIL WATER TOTAL 
TIME DRN P INJ PROD PROD OTL AVE. 
DATE (HRS) (PST) (PV) (CC) <GCy YeTOres aOR .  SSAace 
1305 15.50 0.00 Of000 -0.0 0.16 0.00 0.00 0.108 
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2105 15,00 0.34 8.688 5.5 2iSo5-. 39.846 29.08 ez 
2105 21.30 0.21 2.676 $0.0 268.0 40,52 B84. 06000546 
A205 9,00 0.31 2.045 - 12,5 469.5 41.909 39.16 6,540 
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